analgesic effectiveness (nearly half report low or intermediate effectiveness), a vast majority (93%) report high satisfaction with nitrous oxide. 1 Satisfaction is a complex, multidimensional psychological response that can be difficult to assess in a systematic manner. 6 Personal expectations, perceived involvement in medical decisions, and the quality of the patient-caregiver relationship are known to be contributors to satisfaction with the childbirth experience. 7 Among parturients who choose neuraxial procedures for labor, analgesic effectiveness is clearly an important component of maternal satisfaction. [3] [4] [5] [8] [9] [10] [11] [12] [13] However, the abolition of labor pain may be less important among parturients who decline readily available neuraxial analgesia in favor of nitrous oxide. 1, 7 Nitrous oxide may provide nonanalgesic benefits that, for some parturients, supersede labor analgesic effectiveness in contributing to maternal satisfaction. Understanding why parturients continue to use nitrous oxide, despite availability of an alternative modality that provides superior analgesia, will allow health care personnel to provide care that better addresses the essential elements of a satisfying birth experience.
We conducted a qualitative content analysis of comments recorded during routine follow-up of postpartum women who delivered vaginally, using nitrous oxide as their sole labor analgesic, with the aim of identifying determinants of satisfaction in this population, and to better understand the motivations to continue with nitrous oxide despite variable analgesic effectiveness.
| METHODS
Beginning in June 2011, self-administered 50% nitrous oxide (Porter Nitronox, Porter Instrument, Parker Hannifin, Hatfield, PA) has been offered as a labor analgesic option, in addition to neuraxial modalities, to all parturients on our unit (barring rare contraindications). Anesthesiology personnel conduct a consultation for all pregnant women admitted to the labor and delivery unit, during which analgesic options, benefits, and risks are presented in a nondirective manner. As with neuraxial modalities, nitrous oxide is available at all times. A sufficient number of administration devices ensure availability to almost all who request it.
Postpartum assessments are routinely conducted of all parturients who have received anesthetic care at our center to monitor quality and satisfaction and to detect complications. Per our routine practice during the study period, obstetric anesthesiology team members (residents and nurse anesthetists) performed bedside assessments on the first postpartum day. Parturients were questioned about complications and side effects, and were asked to use a 0-10-point verbal analog scale to rate the effectiveness of their labor pain relief and their overall satisfaction with analgesia care. Additionally, clarifying comments were solicited. If comments were provided, the clinical interviewer recorded these either in first person (direct patient quotes) or third person (assessor's paraphrase), per assessor preference. These data were recorded in the medical record, and were also entered into a quality improvement database from the date that nitrous oxide analgesia was introduced on our unit (June 2011) through March 2014, details of which we have previously reported. 1 A subset of these data, namely comments recorded for parturients who delivered vaginally with nitrous oxide as their sole labor analgesic during this 34-month period, was analyzed in this study (Figure 1 ). The Vanderbilt University Institutional Review Board determined the project to be exempt from review, as it involved analysis of de-identified quality improvement data. Conventional qualitative content analysis 14 was conducted on all textual comments by two of the investigators (MGR and BLR). Each reviewed and coded responses independently, and developed a provisional coding manual using an iterative, inductive grounded approach, in which they remained cognizant of their own predispositions and biases, and allowed codes, concepts, and categories to emerge from the data. 15 Because the data were collected immediately postpartum for quality purposes, comments were analyzed as documented without ability to further explore or verify accuracy of meaning with respondents. Analyses and coding manuals were compared, disagreements were resolved through consensus, and the revised manuals were used to code a larger subset of responses independently. This process was repeated for the entire data set. Categories and emergent themes were identified collaboratively and are presented with the number of coded textual references in each emergent theme presented in parentheses. After each representative comment, the corresponding scores are presented in brackets [analgesic effectiveness score/ satisfaction score]. 
| RESULTS
Of 678 women who delivered vaginally using nitrous oxide as their sole labor analgesic and who had complete data, 264 (39%) provided clarifying comments, which were included for analysis ( Figure 1 ). Of these, 238 (90%) reported high satisfaction (score ≥ 8), while only 96 (36%) rated analgesic effectiveness highly (score ≥ 8). Of the comments analyzed, 74 lacked clarifying information to explain satisfaction (eg, "stated that she loved the nitrous oxide"; "stated that she liked using nitrous and had no ill effects"). Analysis of the remaining 190 comments identified six primary themes, each with several subthemes (Table 1) . Although the themes were interrelated, they are presented separately as follows.
| Incomplete, partial, or transient analgesia
Many women (31) described nitrous oxide labor analgesia that was only partially or transiently effective, yet they were satisfied. Fourteen additional women made explicit reference to expectations when commenting on analgesic effectiveness. Most (10) stated incomplete pain relief was anticipated, and therefore nitrous oxide met their analgesic expectations.
States N 2 O did not take pain away, but understood it would not relieve labor pain completely. [5/10] Her pain relief was what she expected, but it was not all taken away. [6/10] Four others expressed unmet expectations or disapp ointment.
Wanted/expected something stronger than N 2 O. Among women who noted an analgesic response to nitrous oxide, some found it to be effective during a specific period of labor (16) . Most (11) described effectiveness during the first stage of labor, while some noted particular effectiveness between contractions (2), during the second stage (2), or after delivery (1).
Nitrous worked well in the beginning, but did not control pain during the actual delivery. [4/7] Felt like nitrous helped during pushing. [9/10] Three described no analgesic effect. 
| Nonanalgesic effects that enhanced coping
Although some women found nitrous oxide to be limited in terms of its analgesic effectiveness, many cited beneficial nonanalgesic effects. Some explicitly related these attributes to enhanced coping or tolerance of labor pain, which may explain high satisfaction despite variable (most often low) analgesic effectiveness. For example, five women reported that use of nitrous oxide distracted them from pain. N 2 O-pain control just mild but helped her dissociate from pain and concentrate on breathing. [6/8] "Didn't take pain away, but took me away from it to be able to get thru the contractions." [0/10] N 2 O provided distraction for labor discomfort: not effective for delivery, but she did not expect it to be. [10/10] No pain relief, but N 2 O took her mind off the discomfort between contractions, which she found to be excellent. [8/10] Six others remarked that nitrous oxide use redirected focus to their breathing.
Felt that N 2 O helped control her breathing and may have attenuated some of the pain during labor. [4/10] Nitrous helped between contractions and it helped her focus on her breathing. [5/10] Reports that N 2 O took the edge off. Helped her concentrate on breathing. [7/10] Nitrous oxide was described by six women as having anxiolytic effects, which despite inadequate analgesia, resulted in a satisfying birthing experience.
Effective for her anxiety but not her pain. [4/10] Arrived too late for epi [dural] Nitrous oxide made pain tolerable. [6/10] States N 2 O took edge off and was used as a last minute "rescue" during final delivery. States would use it again. [6/10] 
| Consistent with birth plan
Many women referred to the importance of a predetermined birth plan and attributed its success in adhering to it, and to their use of nitrous oxide. Fourteen women viewed nitrous oxide to be consistent with and helpful in achieving natural childbirth. In contrast, 14 women received nitrous oxide in lieu of desired neuraxial labor analgesia, either because delivery was thought to be imminent (11) or because attempts at placing epidural were unsuccessful (3). 
P[atien]t pushing when arrived in L&D [

| Interactions between parturient and apparatus use
Twelve women mentioned difficulties using the nitrous oxide apparatus that diminished their experience.
NOT SATISFIED w/N 2 O. P[atien]t states using it wrong (holding near face, not pressed against face with deep breaths). [ 
| Side effects
Numerous comments made mention of side effects, the most common of which was dizziness or lightheadedness (28) . Other unpleasant sensations described included altered cognition (5), dysphoria (3), numbness (2), and claustrophobia (3).
Felt "loopy" during use of N 2 O, states she was not aware of all that was happening. [1/10] Did not like feeling of N 2 O and preferred to be more clear headed. Thought it would be useful earlier in labor. [5/10] Did not like the feeling of nitrous oxide. [5/10] P[atien]t reports feeling of dysphoria and minimal pain relief (with N 2 O). [2/7] Used N 2 O for 2 hours, getting close to delivery, quit using it because it was making her claustrophobic. [5/10] Finally, abnormal somatic sensations were described, including dyspnea (2), vision change (1) 
| DISCUSSION
Analysis of parturients' comments about their experiences with nitrous oxide analgesia linked to their reported analgesia and satisfaction scores has identified a wide range of perspectives on nitrous oxide analgesia and patient decisionmaking during the dynamic course of labor and childbirth. While some women arrived at the labor and delivery unit with intentions to use nitrous oxide for labor analgesia, others elected to try it after routine obstetric anesthesia consultation. Numerous women viewed nitrous oxide as an essential adjunct that facilitated actualization of their predetermined birth plan. Some women settled for nitrous oxide as an analgesic alternative when administration of neuraxial analgesia was not possible. Nitrous oxide use ranged from mere minutes to many hours. Among the former, some women discontinued it because of ineffectiveness and/or unacceptable side effects. Others initiated its use shortly before an imminent or precipitous delivery. Despite the contrasting motivations and heterogeneity of this group, each parturient used nitrous oxide as the sole labor analgesic before a successful vaginal delivery. The demographic attributes that may distinguish parturients who deliver with nitrous oxide alone from those who convert to neuraxial anesthesia is an area of future study and focus.
Most of the clarifying comments were accompanied by high (score ≥8) satisfaction scores (90%) despite low (score ≤4) or intermediate (score 5-7) analgesia scores (64%). Emergent themes offer potential explanations for divergent satisfaction and analgesia scores. Women who reported low or intermediate analgesic effectiveness cited benefits of partial analgesia sufficient to enhance their ability to cope with labor pain. The latter may be more important than complete elimination of pain per se. 16, 17 A 2015 review of qualitative research exploring women's perspectives on coping with childbirth pain suggests that a positive outlook and acceptance of pain during childbirth significantly enhances a woman's ability to cope with labor. 18 Many women in our study identified nonanalgesic aspects of nitrous oxide use that promoted better coping, such as relaxation, reduced anxiety, and dissociation from pain. Others cited coping benefits from use of the selfadministration apparatus (distraction, focus on breathing). Of note, despite universally high satisfaction ratings, high analgesic effectiveness was reported by only 36% of women who provided clarifying comments, compared with 62% among those who did not. These differences likely relate to the nature of the follow-up process. Women who report low analgesic effectiveness, but high satisfaction, are more likely to offer, or to be solicited for, comments to explain the discordance. Also, low satisfaction, regardless of analgesic effectiveness, often prompts an inquiry to clarify the reason for dissatisfaction. In addition to analgesia and coping, autonomy and control of decision-making are major determinants of maternal satisfaction with the birth experience. 7, 19, 20 Although recent studies suggest that birth plans (physical documents intended to promote actualization of parturient preferences) may not enhance, and perhaps even diminish, maternal satisfaction with the birthing experience, 21, 22 many women in our study made reference to the role of nitrous role in enabling them to actualize their birth plan. 23 Somewhat surprisingly, several women stated that the use of nitrous oxide helped them to achieve a "natural" childbirth (a finding not previously reported). In contrast, others expressed disappointment in receiving nitrous oxide in lieu of their intended plan for neuraxial analgesia, although several women seemed to be forgiving as they reflected on the experience. Some women were satisfied with nitrous oxide's minimal analgesic effects, which met their expectations. How they established expectations is not known, although several comments referred to discussion with the anesthesiologist upon admission. Of note, discussions about analgesic options are conducted with all parturients on admission at our institution, regardless of their intent to avail themselves of anesthesia services. This includes a candid discussion of the variable and lesser analgesic effectiveness of nitrous oxide relative to neuraxial modalities, which may promote alignment between maternal choices, expectations, and experiences. Some of the identified side effects, such as nausea, sedation, dizziness, and dysphoria, have been described previously. 24 However, the results of this analysis uniquely highlight the balance between perceived benefits and side effects that some women navigate when deciding whether to continue or discontinue the modality. This analysis does not explain why some women abandon nitrous oxide in favor of an unmedicated delivery instead of opting for neuraxial analgesia. That subgroup may be rather small, however. For perspective, this analysis excluded laboring parturients who started with nitrous oxide and switched to neuraxial analgesia. Nineteen percent of laboring women who delivered vaginally initially chose nitrous oxide, and only 40% of those patients converted to neuraxial analgesia. This contrasts with a 63% conversion from nitrous oxide to neuraxial labor analgesia among laboring women included in this same database who went on to deliver via cesarean. 1 Women who switch from nitrous oxide to neuraxial analgesia likely do so because of ineffective analgesia and/or intolerable side effects. In addition to effects attributable to properties of nitrous oxide, some comments related to the interaction between the parturient and the apparatus (eg, claustrophobia, difficulty breathing). Finally, some comments revealed important outcome improvement opportunities, including ensuring proper equipment function, providing more effective patient education, and confirming correct self-administration technique. There are limitations to content analysis of recorded parturient comments. Comments were recorded by clinicians during routine postpartum follow-up visits. These clarifying comments were offered by patients or solicited by the clinicians at the conclusion of a series of questions regarding side effects, complications, labor analgesic effectiveness, and satisfaction with anesthetic care. Unlike with recorded and transcribed interviews, the data do not represent patients' own words captured verbatim. Instead, clinicians recorded succinct summaries of discussions with women regarding their experiences, which we assume to be faithful representations of patients' intended meaning. Comments were archived long before analysis, so member validation was impossible, although the value of member checking has been questioned. 25 Additionally, the lack of other recorded variables in this database prevents a deeper understanding of other factors that may affect satisfaction (eg, duration of nitrous oxide use, maternal age, parity, imminent delivery).
Limitations are balanced by known strengths of a qualitative content analysis approach. The credibility (or rigor) of our textual data set analysis is strengthened by adherence to methodologic recommendations, including independent iterative co-coding by two investigators, development of independent coding manuals, comparison and negotiation, and explicit attention to issues of reflexivity with each analysis meeting. 26, 27 Preconceived categories and theoretical perspectives were explicitly avoided, and a grounded mindset was maintained. 14 The analysis is further strengthened by bearing in mind the purpose of the analysis. Unlike investigations using quantitative approaches (numerical analgesia and satisfaction scores), this qualitative analysis explored rich textual data for descriptions of experiences and clues to the "why." Knowledge generated from our content analysis was derived from parturients' personal experiences and is grounded in the actual data. 14 Finally, we have remained careful not to overstate our results or conclusions.
Our results demonstrate the value of a systematic and open-minded approach to postpartum assessment of parturient experiences with labor analgesia care. They highlight the importance of assessing individual patient expectations and incorporating those expectations into a patient-specific analgesia plan. For many years, anesthesia providers discounted the utility of nitrous oxide for labor analgesia because of its inferior analgesic efficacy when compared with neuraxial techniques. 28 Our results demonstrate that among parturients who choose nitrous oxide as their sole labor analgesic, the determinants of patient satisfaction are more variable than previously understood. Our results also provide new, previously unrecognized observations that may inform the design of further prospective qualitative investigations in this patient population.
